Balb/c mouse embryonic fibroblasts were transformed in vitro by the murine sarcoma virus (MSV) (MOLONEY strain). These cells have a disorderly growth pattern. When grown in soft agar 6I % of them formed colonies. They contained 'C' type MSV particles and the transplantation antigen of the murine leukosis group of viruses. After 2o0 passages with interferon in the tissue culture medium, a cell line (MSV-IF +) emerged. This cell line recovered orderly growth and only o'5 % of the cells gave rise to colonies in soft agar. It contained about ten times more 'C' type particles than the original MSV cells. These particles harboured the MSV and leukaemia genome. The cells also retained the group and transplantation antigens. MSV-IF + cells were completely resistant to exogenous interferon. When challenged with Newcastle disease virus they produced about ten times more interferon than the original MSV cells. Newcastle disease virus did not induce a refractory state to further interferon induction. When challenged five times every 48 hr the cells always produced a significant amount of interferon. It was postulated that this MSV-interferon cell line, unlike the original cell population, was not able to produce or use a repressor of interferon synthesis. In addition, the transformed cells recovered, to some degree, properties of the original normal cells.
INTRODUCTION
In cells transformed by oncogenic RNA viruses, the virus may either replicate or persist without inducing the synthesis of virions. In the case of the MOLON~Y strain of murine sarcoma virus (MSV-M), a defective virus genome has been 'rescued' by addition of an appropriate helper virus (Huebner et al. 1966) . Interferon is known to inhibit virus protein synthesis and consequently the synthesis of the enzymes necessary for the replication of the virus genome, unless the latter is integrated in the cellular genome (Oxman & Black, 1966) . It was postulated that in some cell populations transformed by oncogenic RNA viruses, interferon might affect the synthesis of virus antigens and the cells might recover some of the characteristics they possessed before transformation.
In the present experiments mouse Balb/c embryonic fibroblasts transformed by MSV-M were cultivated for over 2oo passages in the presence of a highly active interferon preparation. The effect of interferon on these transformed cells is reported. Some of these data were summarized in a preliminary report (Chany & Vignal, I968 
METHODS
Tissue culture and media. Eagle's medium (MEM oII~) supplemented with 2.95 g./1. tryptose phosphate broth and ~o ~o calf serum was employed for cell growth. For the maintenance of cells, the serum concentration was decreased to 2 %. Balb/c mouse cells were obtained by trypsinizing I5-day-old embryos. In all experiments cells grown during the first passage were employed.
Viruses. Newcastle disease virus (HERTFORDSHIRE strain) was cultivated in the allantoic cavity of Io-day-old Leghorn embryonated eggs.The stock suspension was titrated in chick embryo fibroblasts by plaque assay using Agarose and 2 % calf serum.
The INDtANA strain of vesicular stomatitis virus was serially propagated in L cells. The titration of infectivity was performed by plaque assay in L cells.
Murine sarcoma virus (MSV-M) was received through the courtesy of Dr John Moloney as a tumour extract from infected mice, and virus stocks were prepared by the extraction techniques of Moloney (Moloney, I966 ) . Tumours were obtained by intramuscular inoculation of newborn Balb/c mice. A to % suspension was made from pooled tumours at 4 ° with oq53 M potassium citrate buffer containing s "5 % w/v hyaluronidase. After homogenization for so rain. the extract was digested for one hour with homogenization for I rain. every so min. After digestion, the material was clarified twice by low-speed centrifugation (24oog for 30 rain. and so,ooog for 5 rain.) and concentrated by ultracentrifugation at 3o,ooog for t hr. The sediment was resuspended at a final concentration of I g./ml, of original tumour tissue in o'o 5 N sodium citrate buffer at pH 6.8. Samples were rapidly frozen and stored at liquid nitrogen temperature.
Virus was titrated in terms of the in vivo (50 % turnout induction point) or the in vitro focus-forming capacity (Hartley & Rowe, I966) ; there was a good correlation between the methods. In the former, newborn Balb/c mice were inoculated intramuscularly in the thigh. Tumours developed at the site of inoculation in 5 to ~o days, and death usually ensued in I2 to 15 days.
Interferon preparations. The mouse interferon employed in these experiments was obtained by two methods. To establish the MSV-IF + cell line, mouse interferon was prepared by a method described by Finter (1964) . Weanling Swiss or I.C. (Institut du Cancer) mice were inoculated intracerebrally (i.c.) with a 1/lO dilution of West Nile virus. The extraction and separation of interferon from infected mouse brain has been described (Gresser et al. ~967) . Alternatively, interferon was obtained by infecting the MSV-IF + cell line with Newcastle disease virus at a multiplicity of infection of I oo p.f.u./cell, or with that virus inactivated by irradiation at 5ooo erg/mm. ~ After 24 hr at 37 ° the supernatant fluid was decanted and the residual infectivity eliminated by adjusting to pH 2 with N-HC1 and then holding for 5 days at 4 ° before readjustment to pH 7 with N-NaOH.
Assay of interferon. For assay by inhibition of CPE, twofold serial dilutions were incubated with L cells grown in vertical haemolysis tubes. After 4 hr of incubation the cells were washed and infected with VSV (I p.f.u./cell). The activity of interferon was defined as the reciprocal of the dilution which inhibited the cytopathic effect (CPE) in about half of the cell population.
Alternatively, for assay of interferon by yield inhibition, serial twofold dilutions of interferon preparations were incubated with L cells for s8 hr. The cells were then washed and challenged with VSV (IO p.f.u./cell) for I6 hr at 37 °. The virus yield was determined by plaque assay and compared with that of control cultures. A laboratory standard of interferon was assayed in parallel in all experiments.
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Colony formation of transformed cells in soft agar. Transformed cell lines were assayed for colony formation in soft agar utilizing a modification of the technique described by Montagnier & Macpherson (1964) . A suspension of L cells was used as a reference. Briefly, an underlay of Agarose 1% was mixed with 2 x concentrated MEM oIII medium 2o% calf serum. Five ml. of this preparation were inoculated into plastic Petri dishes (Falcon) and the Agarose allowed to solidify for 2o min. at 4 °. The cell suspension at different concentrations was mixed with the same Agarose medium in the proportion of o'5 ml./t ml. The mixture was then added to the solidified underlay. The Petri dishes were transferred into an airtight box containing water-saturated air and 5 % CQ. The boxes were incubated at +4 ° for 2o min. and at 37 ° for 15 to 2o days. At the end of the incubation period the colonies were counted.
RESULTS
Transformation of Balb/c mouse embryonic fibroblasts by MS V
Primary Balb/c embryonic fibroblasts were infected with MSV at a multiplicity of 0"3 p.f.u./cell. Changes which appeared in the cell population in about 48 hr may be summarized as follows: (I) Appearance of spindle-shape cells (Fig. 1) . (2) 
Selection of a new population of cells in the presence of interferon
The MSV cell line was subdivided into two lines. One cell line was grown in the presence of 40 units of interferon in 25 ml. of tissue culture medium and the other was maintained without interferon. Both cell lines underwent about 2o0 passages. At the end of this period the cell line was characterized by the following morphological and biological changes: (i) Epithelial cells were prominent rather than spindle-shaped cells. (2) Contact inhibition reappeared and the cells grew regularly in a monolayer without overlapping (Fig. I c) . When interferon was omitted for 30 passages from the medium of a subline of these interferon-treated cells, the cells maintained morphological and growth characteristics and transplantation antigens. They contained more 'C' type leukaemic virions than the MSV-IF + cells. However, a greater number of cells gave rise to colonies in soft agar (about 6 %) showing some reconversion to the original growth characteristics. These cells were designated as MSV-interferon-omitted (MSV-IF°).
Sensitivity to the action of exogenous interferon. Since the cell population (MSV-IF +)
was selected in the presence of interferon in the cell-culture medium, further experiments were undertaken to determine the response of these cells to induction of interferon and their sensitivity to exogenous interferon. MSV-IF + cells were treated for 2 4 hr with different preparations of interferon. For reference the original MSV cells, MSV-IF ° cells and normal embryonic Balb/c fibroblasts were treated in a similar fashion. The results of three different experiments are summarized in Table I . MSV-IF cells were almost totally resistant to the action of interferon even when preparations of great potency were employed (Expt 3). The original MSV cells were significantly less sensitive than normal Balb/c cells, while MSV-IF ° cells were of intermediate sensitivity. 
Production of interferon induced by Newcastle disease virus
The same cell populations were challenged with Newcastle disease virus at the multiplicity of infection of 2oo p.f.u./cell. After 24 hr of incubation at 37 ° the interferon in the supernatant fluid was separated from the virus and titrated (Table 2) . MSV-IF + and MSV-IF ° cells regularly produced about ten times more interferon than the original MSV cells and significantly more than normal Balb/c cells used for reference.
The refractory state induced by Newcastle disease virus in different cell systems
The existence of a refractory state following repeated inductions of interferon is well established (Paucker & Boxaca, 1967) . This refractory state appears in normal cells after the first induction of interferon (Table 3) The MSV-IF + cells produced interferon after every new challenge. At the third and the fifth challenges, the amount of interferon produced was only slightly different from that of primary-induced cells. The four cell cultures were challenged with NDV-u.v. at a multiplicity I oo p.f.u./cell. After incubation for 2 hr the medium was replaced and the preparation incubated at 37 ° for 24 hr. The supernatant fluid was then collected and frozen at -2o ° for the extraction of interferon. The cultures were supplemented with fresh medium and harvested again after 24 hr at 37 °. Every 48 hr the cells were challenged with a fresh suspension of NDV-u.v.. The same operation was repeated five times during the 9 days which followed the first virus challenge.
DISCUSSION
Two points can be stressed from the data presented here: First, the mouse embryonic fibroblasts transformed by routine sarcoma virus contain virus particles and, in common with malignant transformations, show loss of contact inhibition, increased rate of cell multiplication and persistence of the cells through indefinite numbers of passages. In addition, these cells contain specific surface transplantation antigens. After a considerable number of passages in the presence of interferon a new cell population emerged. A significant morphological change became evident. The cells lost their spindle shape and became epithelial. Contact inhibition was recovered and no criss-cross pattern was observed. In addition, the selected cell population lost its capacity to produce colonies in soft agar, unlike the original MSV cell population. This new cell population contained, however, a greater number of type 'C' particles (and the mouse sarcoma virus) than the original MSV cells. Transplantation antigens and the murine leukaemia group antigens persisted equally in this population. Briefly, the new cell population lost properties which were present in the original cell population transformed by MSV. It is of interest to compare these results obtained in vitro to parallel observations in vivo reported by Gresser et al. (I969) , showing that even highly purified mouse interferon can decrease the replication of some ascitic tumour cell lines induced by carcinogens. It should be stressed, however, that all of these cell lines harboured latent viruses. The relations of these viruses to the cell population are unknown.
A second implication of these findings is the changes observed in the interferon regulatory mechanism of the cells, which indicates the selective role of interferon in the production of the MSV-IF + cell line. The MSV-IF + cells produce significantly more interferon after induction with Newcastle disease virus than any other cell tested in this laboratory. In addition, a unique feature of these cells is the absence of a refractory state to the induction of interferon, even after multiple challenges with NDV. These findings contrast with the complete resistance of these cells to exogenous interferon. It can be postulated that MSV-IF + cells are either unable to produce or to use the antiviral protein derepressed by interferon. It is tempting to correlate the high interferon production and re-inducibility of the production of interferon to the absence of the antiviral state. One possible explanation of this could be the existence of a feedback mechanism between the antiviral protein and the production of interferon. Another, and more likely hypothesis, is the presence of a repressor of interferon synthesis which appears after the first induction with NDV and which could be located on the cell genome close to the site responsible for the synthesis of the antiviral protein. This repressor is either not produced or is inactive in the MSV-IF + cells. This is now being investigated.
